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LABORATORY INSTRUCTION IN PHYSICS. 
BY D. W. HERING, UNIVERSITY OF THE CITY OF NEW YORK. 
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THERE are various practices, and seemingly but two clearly de- 
fined methods of teaching physics in college laboratories. The 
first method, which may be called the progressive one, treats the 
general subject of physics by going through its various divisions 
successively, until the whole ground has been covered, whether 
thoroughly or superficially. For students who have had no pre- 
liminary training in physics, this method is the only practicable 
one if they are to begin their study in the laboratory. The other 
may be called the method of analysis. It assumes that the pupil 
uas received a fair course of instruction in the principles of the 
science before he enters upon laboratory work. Then it is a 
matter of indifference whether his first exercise is one in optics, 
or in electricity ; in radiation, or in specific gravities. He will 
examine a body of any sort with reference toits various proper- 
ties, taking account of as many as he can, which in some in- 
stances may embrace nearly the whole range of physics. This 
method then does not present the different features of physics 
so much as the physical features of different things. 

At first sight it would appear as if the method that is pursued for 
the direct purpose of learning the science would be the one best 
fitted to give an acquaintance with it, and perhaps this would be 
true if sufficient time could be given to it to deal with the vari- 
ous branches of physics with tolerable thoroughness, but labora- 
tory work by an untrained pupil is slow at best, and time is lim- 
ited. It is important, therefore, to follow the plan that will give 
good results without loss of time. 

If physics asa science were distinctly progressive in its nature, 
one step being essential to a comprehension of the next, and 
therefore of necessity a preliminary to it, there could be no 
question as to the best order of proceeding in teaching or in 
learning the subject. There would still be room for question as 
to how much should be done by the teacher in experimental il- 
lustration with discussions, before putting the pupil to experi- 
menting on his own account, but the order of dealing with the 
subject in any case would be determined beforehand. But it is 
thus progressive to only a limited degree. Except for the prin- 
ciples of mechanics, which permeate the entire science, physics, 
in all its diversity, may be dealt with regardless of the order in 
which the subjects are taken up And this exception is not 
always recognized. Among recent standard text-books which 
are meant to be especially adapted to laboratory practice, but 
which mean to omit none of the elementary principles of physics, 
there 1s every variety in arrangement of topics. One begins 
with specific gravity and air pressure, follows with dynamical 
principles, and presents light as the final subject. Another 
begins with magnetism, introduces the last third of the work by 
dynamics, and closes with sound. Still another begins with 
properties of matter and dynamics and ends with light; while a 
fourth begins with the mechanical powers and closes with mag- 
netism and electricity. Even the special divisions, as electrici- 
ty, for example, can scarcely be said to be developed from one 
principle that necessarily comes first, to another that can be 
reached only at the end of a well-defined series. Some classifi- 
cation of topics can always be made, but the tendency to-day is 
to diminish rather than increase the number of classes. Con- 
siderations of intrinsic difficulty, or length of time that can be 
given without interruption, or the season of the year when sunny 
days may be expected, or other special points may lead to a 
preference as to the order of subjects, but there is little in the 
nature of the subjects themselves to determine it. 


The status of the student when he is to enter upon the work 
which this paper is to discuss, will depend upon the manner in 
which he obtained his first training in physics. He may have 
acquired his early knowledge by experimentation from the begin- 
ning, or he may have been taught from descriptive text-books 
supplemented by experimental lectures from the teacher, or he 
may have had a combination of both. In the first case, he had 
to find out principles and laws as well as (to him) disconnected 
facts by bis own experimentation; in the second, he has been 
made acquainted with the leading laws and properties and per- 
haps has had some opportunity to verify and apply them. 
Whether an attempt to learn physics from the beginning by 
practice is profitable or advisable has been much discussed, and 
it is outside of our purpose to enter upon that question. It is a 
plan that has grown in favor greatly of late, and has been insist- 
ed upon by Harvard College, as a preparation for those who are 
to pursue the subject in college. Let us suppose the pupil to 
have acquired a general, though elementary, acquaintance with 
the principles of the science, — that he has reached the standard 
of at least a well-prepared college junior. For this he has prob- 
ably been called upon to cover the whole range of the subject 
whether by experiment, or by recitations and experimental lect- 
ures. The advocates of the two methods of preparation will 
find points to offset one another in the results attained. The 
experimental student will have acquired his knowledge in a very 
valuable way, by objective study, by the inductive method. He 
will have ‘‘ learned to do by doing.” This has become a favor- 
ite idea with educators in almost every branch of learning, and 
its advantages are undeniable in most lines of work, but they are 
not equally great or equally obvious in all branches or at all 
stages. It is a most effective way so far as it goes, but in phy- 
sics the experiments concerning any one point, or involving any 
law, will have been so small in number under the best opportuni- 
ties, that the student must infer the law from instances altogeth- 
er too few and too little varied, to justify an inference. Potent 
as the inductive method has been in science, its demonstrations 
are never incontestable, they never rise abovea moral certainty, 
and do not even approach it, if the instances upon which the con- 
clusions are based are not numerous, or else very accurate. The 
student will in reality have done nothing more than illustrate a 
point, doing in a crude way what the lecturer before a large 
class does in a better way. Still the experiment and its results 
will impress themselves upon hit: because he did the work him- 
self. Inthis he will have the advantage of the lecture-taught 
student. The knowledge of the latter, however. is likely to be 
more correct as to principles. On the whole, the two classes may 
be said toapproach the higher laboratory practice about equally 
well equipped: the former better prepared for manipulation 
with perhaps less readiness to appreciate the science; the latter 
better prepared to discriminate as to principles, but less expert 
in determining them. Didactic and experimental instruction 
are now so well combined in some secondary schools as to make 
their work superior to that otfered in many colleges. Having 
been fairly well taught by any method, we may suppose the 
student ready for practical work somewhat more advanced than 
is to be had in secondary schools, or even in the general ccurse 
of physics in an average American college. What plan sizali ve 
followed in his laboratory work? Presumably that plan is best 
which is best fitted to accomplish its purpose. What is the pur- 
pose of his work? Usually not independent research or original 
investigation. Work of that class is generally undertaker only 
by graduates or special students, who are not obliged to accom- 
plish a definite amount in a given time. The higher. laboratory 
work of the college undergraduate is for the purpose of making 
him practically familiar with physical laws, not in oneparticular 
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branch of physics, but throughout the whole subject; for train- 
ing in making and reducing scientific observations; for acquir- 
ing skill in manipulating and adjusting apparatus; all which is 
to result in giving him a good general knowledge of physics, if 
he follows the study no further, or to fit him for independent re- 
search if such is his design for the future. It is thus intermedi- 
ate in its thoroughness and definiteness between the preparation 
in elementary general principles of the science, and the work of 
the graduate or the advanced special student. 

What is likely to be the experience of a student in the college 
laboratory under what we have called the progressive method, 
supposing he has time enough in prospect to cover the entire 
field? He will begin probably with a dozen companions in his 
division, with the topic placed first in the order chosen, say 
properties of matter, and dynamics. One of the first operations 
he will be called upon to perform will be that of weighing a 
body. Theskillful use of adelicate balance, will involve the crit- 
ical study of the balance itself. This will afford a good exercise 
in dynamics. To reduce to weight in vacuo, will necessitate the 
reading of the barometer, and an application of the laws of Boyle 
and of Charles, for the effect of temperature and pressure upon 
gases. Thus he will have been carried at once beyond the immedi- 
ate subject of physics to which he was intending toapply himself. 
However, if was merely an excursion. He may continue with 
this work until he has learned several modes of weighing, and 
with several types of apparatus. He must learn to measure 
time. Here he will be introduced to the use of the pendulum, per- 
haps the chronograph, and other devices for comparing intervals 
of time. The method of coincidences will be especially service- 
able, if he has a seconds clock and a reversible pendulum, by 
which to determine the accelerative force of gravity. Atwood's 
machine, besides illustrating the laws of falling bodies, will 
serve for critical work in mechanics, if the effect of friction, and 
the mass of the large pulley are to be considered. Various other 
exercises in mechanics may be given him; he will bardly go on 
with Tess than these, and to each of these he will have given 
enough time and attention to become proficient in work of this 
kind, and will have given attention to as little else in physics as 
possible. 

If he passes next to the subject of heat, he will probably 
remain at this until he has dealt, if possible, as fully with 
its various phenomena. So far asthese phenomena involve me- 
chanics he will have had some especial preparation by his previous 
work, and now he will be doing that work over again. For in- 
stance, in hygrometry the same principles relating to the effect of 
temperature and pressure upon the volume of a gas, will have to 
be considered. In specific heats, he will again go over the same 
kind of work as to masses and densities that he performed with 
the balance, and soon. But he will do nothing in electricity, 
even with the heating effect of an electric current, because he 
has not vet come toelectricity. He willdo heat pretty thoroughly 
but not completely. It will be so in each branch hestudies. In 
every one, to doan exercise which is nominally one of a particu- 
lar class, he must employ principles of classes previously studied. 
Not until he has gone over the entire range of topics, from the 
first to the last, will he have taken account of all the principles 
meant to be included in his course, but when he kas done so he 
will have had a most exhaustive training, for he will then have 
done nearly everything, not once or twice only, but very many 
times. His training by that time ought to be excellent, and his 
knowledge extensive and acute. But to reach such a stage 
would require longer time or more exclusive devotion to physics 
than is usually provided for in an undergraduatecourse. Ifany 
thing iess is done, however, it means not the omission of certain 
exercises, but of all the exercises pertaining to one or another 
entire class of topics. For instance, he may omit sound, or light, 
wholly. That would make a serious break in his course. By 
any of the usual arrangements, therefore, the whole subject will 
be obviousiy more or less disjointed if it is regarded as made up 
of members. Fortunately, the highest treatises seek to unify it 
instead of to dismember it. 

How will the student fare by the method of analysis? Foran 
example, give him a piece of plate glass of convenient size. Of 
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the various determinations regarding this specimen, some will be 
qualitative, others quantitative. Let him determine: 


1. Whether it is regular, and if so, itsform....... Qualitative 
2. Its dimensions, giving area, thickness and vol- 

UMC .i22 ace dion bb eee yea oS Ox . Quantitative 
3 Its mass (weighing)............ 0.02.02 eee Quantitative 
4. If c.a.s, units are employed, this leads at once 

by dividing inass by volume, to density..... Quantitative 
5. But check this by weighing in water, for sp. gr. Quantitative 
6. If the plate is of considerable size, say 25 cms. 

< 30 cms. and a small spherometer is availa- 

ble, test the surface for flatness, and map out 

IPPC PULATINICS yo. 2t ee ow be eae es Aes Quantitative 

(This will serve to show the meaning of instru- 

mental limitations as to precision and ac- 

curacy) 
7. If possible, compare this with the irregularities 

of surface, shown by reflection of light, with 

telescope, or by interference bands when in 

contact with true ‘‘ flat.’ ee eee Qualitative 
8. Determine its index of refraction.... ......... Quantitative 
9. AtS NATANeSs. 30525. 52 6oN odes ba Geet eke eat ees Qualitative 
10. Its color, by absorption in spectrum.... ... . Qualitative 
11, Whether it is homogeneous, by transmission of 2 

POLATIZER NSN cade cca yee tad tere nea Qualitative 
12, Its Specie eatin <c<. coulis eee Sine eek Wea Quantitative 


Some of these may be out of the reach of many laboratory 
equipments or only determinable with the belp of instruments 
too delicate to be put into the hands of anv but the best students, 
but still other determinations might be made. Undoubtedly by 
the time the student has finished such an analysis he will have a 
very complete knowledge of the specimen he has been working 
upon, and although, in the instance here cited, the object under 
scrutiny may seem a trivial one, and the knowledge of its prop- 
erties no useful addition to his stock of information, not every 
one may beso. Yet what a range of physics was involved even 
in this apparently useless analysis! In scientific training it will 
not have been useless. 

As another exumple, suppose a steel rod be given him to ex- 
amine. Cutting off a piece about 10 cms. in length, he might 
determine its dimensions, mass, density, and specific heat. With 
the long portion he can ascertain its rigidity (by torsion), Young’s 
modulus (by flexure), velocity of sound in it (by longitudinal vi- 
brations), and compare this with the velocity determined from 
the ratio of elasticity to density. He might magnetize a short 
piece, say 20 ems., by permanent magnets, and by timing its os- 
cillations, and observing the deflection it gives a needle, deter- 
mine its maynetic moment, strength of pole, and strength of field 
in which itswung. Let him then demagnetize it by heating, 
remagnetize by electric current, and compare its moment now 
with what it was before. These latter, though not properties of 
the steel itself, are obtained as consequences of its magnetic char- 
acter. He might also employ such a magnetized bar to deter- 
mine its moment of inertia experimentally, and check by calcula- 
tion from its masx anil dimensions. Thus he will have brought 
into application numerous principles of mechanics, of acoustics, 
of heat and of magnetism, each of which gives opportunity for 
work of any required degree of care and precision, involving all 
the fundamentai operations of weighing, measuring, and timing. 
By the former method he will learn to what extent any one 
quality is found in numerous specimens examined; by the latter, 
to what extent these numerous and varied qualities are found In 
the one specimen examined; by the former he iearns one feature 
of many things. by the latter, many features of one thing. But 
in learning the one feature he confines his attention chiefly to a 
few principles of science and needs extend his knowledge of 
physics no further than to apply these few principles, no matter 
to how many objects, and there is always the danger of breaking 
off his work with only a partial view of the science; whereas in 
learning many features, thoughconfined to only one object, each 
feature involves one or more distinct principles of science, and 
the tnany of them represent a wide range of scientific knowledge. 
This gives to the siudent. therefore, indeed it imposes upon him, 
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a broad culture none the less deep because of its breadth, even if 
he has had time for the analysis of but one specimen, while the 
other almost inevitably results in confining his labors and his at- 
tainments within narrow limits. Whenever it can be done, a 
determination of any sort should be made by two processes as 
nearly independent of each other as possible. For example, the 
radius of curvature of a lens might be determined by comparing 
the size of an object, as a scale, with that of its image formed by 
reflection from the lens surface; and it might be calculated from 
spherometer measurements. While there are some points in 
physics which the progressive method would reach and the 
method of analysis miss, the latter would the more readily lend 
itself to such twofold determinations. 

There are operations such as the calibration of a thermometer, 
determining a rate of vibration, adjusting special forms of appar- 
atus and determining their constants, etc., that cannot be classi- 
fied in any simple manner. Anattempt to adhere strictly to any 
clearly defined method throughout the whole course of physics 
would be unwise and unprofitable. The recognition of a method 
and of its legitimate limits, however, cannot fail to be of service 
to a judicious instructor. The limitations of the laboratories 
themselves in many cases compel a departure from any method 
and cause the work to degenerate into an unsystematic perform- 
ing of experiments. It must be admitted, too, that such is the 
character of the work in some instances where the equipment is 
very complete. 


A NEW METHOD OF CHILD STUDY. 


BY J. MARK BALDWIN, TORONTO, CANADA. 


THE current discussions of the more elementary mental pro- | 


cesses show that we lack clearness in our conceptions of the 
earlier stages of mental life. This is evident enough to call out 
frequent appeals for ‘‘ scientific ” child study. The word ‘‘scien- 
tific ” is all right, as far as it goes; but as soon as we come to 
ask what constitutes scientific child study, and why it is that we 
have so little of it, we find no clear answer, and we go on as be- 
fore accepting the same anecdotes of fond mothers and repeat- 
ing the inane observations of Egger and Max Miller. 

Of course there are only two waysof studying a child, as of 
studying any other object—observation and experiment. But 
who can observe, and who can experiment? Who can look 
through a telescope and ‘‘observe’’ a new satalite? Only 
a skillful astronomer. Who can hear a patient’s hesitating 
speech and ‘‘ observe” aphasia? Only a neurologist. 
tion means the acutest exercise of the discriminating faculty 
of the scientific specialist. And yet most of the observations 
which we have in this field were made by girls who, before 
their marriage, knew less about the human body than they did 
about the moon or a wild flower (having got this latter informa- 
tion from Steele’s ‘*‘ Thirteen Weeks”) or by a father who sees 
his child when the boy is dressed up, for an hour a day, and who 
has never slept in the sameroom with him in his life; by people 
who never heard the distinction between reflex and voluntary 
action, or that between nervous adaptation and conscious selec- 
tion. Only the psychologist can ‘‘ observe” the child, and he 
must be so saturated with his information and his theories that 
the conduct of the child becomes instinct with meaning for 
mind and body. 

And as for ‘‘ experiment, ” greater still is the need. Many a 
thing a child is said to do—a little judicious experimenting—a 
little arrangement of the essential requirements of the act in 
question—shows it is altogether incapable of doing. But to do 
this we must have our theories, and have our critical moulds ar- 
ranged beforehand. That most vicious and Philistine attempt 
in some quarters to put science in the straight-jJacket of barren 
observation, to shut out the life-blood of all science—speculative 
advance into the secrets of things—this ultra positivistic cry has 
come here as everywhere else, and put aban upon theory. On 
the contrary give us theories, theories, always theories! Let 
every man who has a theory pronounce his theory! Thisis just 


the difference between the mother and the psychologist—she has. 


no theories, he has. She may bring up a family of a dozen and 


SCIENCE. 


Observa- - 


213 


not be able to make a single thrustworthy observation: he may 
be able from one sound of one yearling to confirm theories of 
the neurologist and educator, which are momentous for the 
future training and welfare of the child. 

In the matter of experimenting with children, therefore, our 
theories must guide our work—guide it into channels which are 
safe for the growth of the child, stimulating to his powers, defin- 
ite and enlightening in the outcome. All this has been largely 
lacking, I think, so far, both in scientific psychology and in ap- 
plied pedagogy. The implication of physiological and mental 
is so close in infancy, the mere animal can do so much to ape 
reason, and the rational is so helpless under the leading of in- 
stince, impulse, and external. necessity, that the task is exces- 
sively difficult—to say nothing of the extreme delicacy and ten- 
derness of the budding tendrils of the mind. Experiment? 
Every time we send a child out of the home to the school, we 
subject him to experiment of the most serious and alarming kind. 
He goes into the hands of a teacher whois not only not wise 
unto the child’s salvation, but who is on the contrary a machine 
for administering a single experiment, to an infinite variety of 
children. It is perfectly certain that two in every three chil- 
dren are irretrievably damaged in their mental and moral develop- 
ment in the school; but I am not at all sure that they would fare 
any better if they stayed at home! The children are experi- 
mented with so much and so unwisely, anyhow, that it is possi- 
ble that a little experiment, intentionally guided by real insight 
and psychological information, would do them good. 

With this preamble, I wish to call attention to a possible 
method of experimenting with young children, which has not 
been before noted to my knowledge. In endeavoring to bring 
questions like the degree of memory, recognition, association, 
etc., present in an infant to a practical test, considerable em- 
barrassment has always been experienced in construing safely the 
child’s responses. Of course the only way a child’s mind can be 
studied is through its expression—facial, lingual, vocal, muscu- 
lar; and the first question, i.e., What did the infant do? must be 
followed by a second, i.e., What did his doing that mean? And 
the second question is, as I have said, the harder question, and 
the one which requires more knowledge and insight. Itis evident, 
on the surface, that the farther away we get in the child’s life 
from simple inherited or reflex responses, the more complicated 
do the responsive processes become, and the greater becomes the 
difficulty of analysing them, and arriving at a true picture of 
the real mental condition which lies back of them. 

To illustrate this confusion, I may cite about theone problem 
which psychologists have attempted to solve by experiments on 
children, i.e., the determination of the order of rise of the child’s 
perception of the different spectral colors. Preyer starts the 
series of experiments by showing achild various colors and re- 
quiring the child to name them, the results being expressed in 
percentages of true answers to the whole number. Now this ex- 
periment involves no less than four different questions, and the 
results give absolutely no clue to their analysis. It involves, 1, 
the child’s distinguishing different colors simultaneously dis- 
played before it (i.e., the complete development of the child’s color 
sensation apparatus); 2, the child’s ability to recognize or iden- 
tify a color after having seen it once; 8, an association between 
the child’s color-seeing and word-hearing memories, by which 
the name is brought up; 4, equally ready facility in the pro- 
nunciation of the various color names which the child recog- 
nizes: and there is the further embarrassment, that any such 
process which involves association, is as varied as the lives of 
children. The single fact that speech is acquired long after 
objects and some colors are distinguished, shows that Preyer’s 
results are worthless as far as the problem of color perception is 
concerned. ; 

That the fourth element pointed out above is a real source of 
confusion is shown by the fact that children recognize many 
words which they cannot pronounce readily. Binet, who repre- 
sents the second phase in the development of this experimental 
problem, realized this, and varied the conditions by naming a 
color and then requiring the child to pick out the correspondingo 
color. This gave results different not only from Preyer’s, but also 
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from those which Binet reached by Preyer’s method. For ex- 
ample, Preyer’s child identified yellow better than any other 
color, a result which no one has confirmed. 

The further objection that colors might be distinguished before 
the word association is established at all, is alsoseen by Binet, and 
his attempt to eliminate that source of error constitutes what we 
may call the third stage in the statement of the problem. He 
adopts the méthode de réconnaissance as preferable to the méthode 
@appellation. This consisted, in his experiments, in showing to 
a child a colored counter, and then asking the child to pick out 
the same color from a number of different colored counters. 

This reduces the question to the second of the four [have named 
above. It is the usual method of testing for color-blindness. It 
answers very well for color-blindness; for what we really want 
to learn in the case of a sailor or a signal-man is whether he can 
recognize a determined color when it is repeated ; that is, does he 
know green or red to be the same as his former experience of 
green orred. But it is evident that there is still a more funda- 
mental question in the matter —the real question of color per- 
ception. It is quite possible a child might not recognize an iso- 
lated color quality when he. could really very well distinguish 
color qualities side by side. It is the question just now coming 
to the front, the question of absolute vs. relative recognition, or 
immediate vs. mediate recognition. The last question is this: 
When does the child get the different color sensations (not recog- 
nitions) and in what order ? 

A further point of criticism of Binet’s results serves to illustrate 
my argument. Binet rules out the influence of the word mem- 
ories which were necessary to Preyer’s results by his méthode de 
réconnaissance. The child recognizes again the color just seen. 
Now any one who has followed the course of recent discussions 
of recognition must: know that the mediation of word associations 
is not ruled out in these cases in children of 3 to 5 years old or 
even younger. Lehmann finds colored wools are recognized 
when the colors are those whose names are known (Benennung’s 
association), and that shades which have not peculiar names, or 
whose names are not known, are not recognized. Scripture has 
shown that an unobserved or unintelligible element —a Nebenvor- 
stellung— may serve as the link of recognition without rising 
again to clear consciousness a second time. It is, of course, use- 
less, if these results be trustworthy, to attempt to get recognitions 
clear of word memories after color names have once been learned 
by the child. It would seem that the question ought to be taken up 
with younger children. Binet’s experiments were in the interval 
between the child's 32d and 40th weeks. It is perhaps a con- 
firmation of Lehmann’s position, that the colors least recognized 
in Binet’s list are shades whose names are less familiar to children: 
his list, in order of certainty of recognition, is red, blue, green, 
rose, maroon, violet, and yellow by the méthode d’appellation ; 
and, by both methods together, red, blue, orange, maroon, rose, 
violet, green, white, and yellow.} , 

This color question may suffice to make clear the essentials of 
a true experimental method. Only when we catch the motor re- 


sponse in its simplicity is it a true index of the sensory stimulus - 


in itssimplicity. I haveaccordingly attempted to reach a method 
of child study which would yield a series of experiments whose 
results would be in terms of the most fundamental motor reac- 
tions of the infant, which could be easily and pleasantly con- 


ducted, and which would be of wide application. The child’s 


hand-movements are, I think, the most nearly ideal in this re- 
spect. The hand reflects the first stimulations, the most stimu- 
lations, and, becoming the most mobile and executive organ of 
volition, attains the most varied and interesting offices of utility. 
We have spontaneous arm and hand movements, reflex move- 
ments, reaching-out movements, grasping movements, imitating 
movements, manipulating movements, and voluntary efforts — all 
these, in order, reflecting the development of the mind. The 
organs of speech are only later brought into use, and their use for 
speech involves an already high development of mind, hence the 
error in Preyer’s results. It has accordingly seemed to me worth 
while to find whether a child's reaching movements would reflect 


1 Calculated from Binet’s detailed results (Revue Philosophique, 1890, IL., 
582 ff.) by Mr. F. Tracy, 
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with any degree of regularity the modifications of its sensibility, 
and, if so, how far this could be made a method of experimenting 
with young children. : 

Before speaking, however, of applications, I may adduce one 
or two other considerations which tend to show that some such 
dynamogenic method is theoretically valid. Feré showed that 
sensory stimulations of all kinds increase the maximum hand- 
pressure. Colors (seen) have regular and each its peculiar effect 
upon movement. Tones have similar influence. The ticking of 
a watch is more clearly perceived if a sound is heard at the same 
time. Further, the reaction-time of hand-movements is shorter 
if the stimulus (sound, etc.) be more intense. There is an en- 
largement of the hand, through increased blood-pressure, when a 
loud sound is heard. These, and a variety of other facts upon 
which the law of dynamogenesis rests, seem to afford justification 
for the view that the infant’s hand-movements (say) in reaching 
and grasping will be an index of the kind and intensity of its 
sensory experiences. Magendie? long ago suggested measuring 
changes in sensibility by the corresponding changes in blood- 
pressure. 

Further, it is not necessary to embarrass ourselves with the 
question whether the hand-movements are voluntary or not. 
However we may differ as to the circumstances of the rise of vo- 
lition, it is still true that after its rise the child’s reactions are for 
a long time quite under the lead of its sensory life. It lives so 
fully in the immediate present and so closely in touch with its 
environment, that the influences which lead to movement can be 
detected with great regularity, In this case the sensations, which 
are movement-stimuli, become what we may call “ effort-stimuli,” 


and the child’s hand-efforts become our indications of the rela- 


tive degree of discrimination, attractiveness, etc., of the different 
sensations. 

Suppose we hang a piece of meat up over Carlo’s head and tell 
him to jump for it. His first jump falls short of the meat. He 
jumps again and clears a greater distance. Why does he jump 
farther the second time? Not because he argues thata harder jump 
is necessary to secure the meat, but because by the first Jump he 
got more smell, blood-color, and appetite-stimulus from the meat. 
Now suppose it be a red rag instead of meat, and Carlo refuse 
to jump a second time. This is not because he concludes the 
rag would choke him, but because he gets a kind of sensation 
which takes away what appetite-stimulus he already had. The 
thing is a thing of sensational dynamogeny or ‘‘suggestion,” and 
the child-state up to his 24th month (more or less) is just about 
the same. , 

The following questions, I think, might be taken up by this 
method : — : | 

1. The presence of different color-sensations as shown by the 
number and persistence of the child’s effort to grasp the color. 

2, The relative attractiveness of different colors measured in 
the same way. 

3. The relative attractiveness of different color combinations. 

4, The relative exactness of distance-estimation as shown by 
the child’s efforts to reach over distances for objects. _ 

5. The relative attractiveness of different visual outlines (stars, 
circles, etc.) cut in the same attractive color, etc. 

6. The relative use of right, left, and both hands. 

%. The rise of imitative movements. | 

8. The rise of voluntary movements. 

Iam quite aware of the meagreness of this list; but one has 
only to remember the fact that there is no such thing yet as 
a psycho-physics of the active life, that this side of psychol- 
ogy is terra incognita to the experimentalist.* If the method 
proves reliable in one-half of these questions, then so much gain. 
I have applied it to questions 1, 2, 4, 6, and 7 with results, 
some of which I havealready published in this journal. Other 
papers will be devoted to these detailed applications. 


2 Féré, “Sensation et Movement,” p. 56. 


3 I see no reason that a method could not be devised for testing the motive 
influences of presentations in terms of the time elapsed since their experience. 
I have announced elsewhere (Proceedings of Congress for Hxper. Psychology, 
London, 1892), the first results of a research conducted upon adults by such a 
method. 
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JAPANESE NURSERY NOTES. 
BY ALBERT S. ASHMEAD, M.D., NEW YORK CITY. 


It has often been said that the Japanese are the most interest- 
ing, the strangest, even the quaintest, people we know. In no 
regard is this truer than in the care they take of their babies. 
Such a strong foundation is more necessary than elsewhere, toa 
nation where man is born to remain a baby his whole life. We, 
destined to exercise stronger and more serious minds, would be, 
at the very beginning of our existence, deteriorated by such in- 
genuous, untiring care. 

I have spoken in another article! of the long-continued lacta- 
tion of Japanese women, as benetiting both mother and child; 
also of the care taken of pregnant women, in which a solicitude 
displays itself, at the same time, clever and loving. This 
tender and intelligent attention paid to the born baby is the 
second part of that unique Japanese system of rearing healthy 
and happy men, which makes European and American ladies 
forget that so many other Japanese conceits are a severe shock to 
their feelings. During the dentition period the children have an 
extra diet, consisting of fish and small crustaceze. Japanese not 
being a carnivorous people, this is natural enough. If they ate 
meat, they would give their children beef very likely. But it is 
certainly to the advantage of the bony structure of the child to 
be, on first entering the adult course of eating, fed in the Japanese 
manner, 

The abominable diaper is unknown to the Japanese. They use 
only a breech-clout, which is removed at the moment of defeca- 
tion. The child then is put in such a position that its legs strad- 
dle the arms, his body and head resting against the abdomen of the 
parent, who, gently rocking it in a certain rhythmical, tentative 
fashion, and accompanying his action with a kind of low whis- 
tling, reminding you of a lullaby, gives his offspring its first 
lesson in personal cleanliness, which, to the Japanese mind, is 
exceedingly next to godliness. It will be seen how, by this 
method, unnatural positions are avoided, a thing the more im- 
portant that Japan is the country of worms, distomata, etc. 

It is known probably to every reading person that Japan, like 
all oriental lands, is, for obvious reasons, furnitureless. It does 
not even know the cradie. As Diogenes madea cup of his hollow 
hand, thus the Japanese mother makes a cradle with the back of 
an older child, an ambulating, delightful cradle, where it stays 
from morning to nigbt, and is unrhythmically rocked according 
to the chances and sports which the day offers to its patient and 
loving victim. Her back, of course, is its first cradle; when it 
wants the breast, it reaches over or under her arm for it. 

The cause of the absence of furniture is the presence of tropical 
vermin. This awful presence is probably also the cause of the 
carpetless state of the nursery. The floor is covered with stuffed 
straw mats, thick and elastic; it is the usual floor of a Japanese 
house. The floor is mopped every day with salt water; it is, in 
fact, a chlorine wash. It must be remembered that in Japan the 
dirt of the street is not carried into the room, sandals and shoes 
being left at the front door. The necessity of keeping the floor 
in a sanitary condition is more important in Japan than anywhere 
else, because of the national habit not only of sitting, but sleeping 
on the floor. 

There is a singular difference between the carriage of Japanese 
children and the way in which our children walk and move about. 
The Japanese urchin, whose feet never knew the unkind pressure 
of tight shoes, and, in fact, no pressure at all, walks more erect, 
is more sure-footed. In fair weather he wears flat straw-sandals, 
in these sandals the big toe is widely separated from the others, 
which gives the child a surer foundation. In wet weather he 
must maintain his equilibrium on his stilt-like wooden clogs, 
which keep his feet dry, at the same time compelling him to ac- 
quire an extraordinary power over his own motions. 

There is in Japan no kissing, not even in the nursery. All the 
dangers, which have been so elequently described in newspapers 
some time ago, arising from the touch of lips, in human love 


1 On the Non-Existence of Rachitis in Japan,” Medical Record, Oct. 11, 
1890. 
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directly, and at the communion table indirectly, are avoided by 
the national aversion for labial contact. 

The sexes are separated at an early age, and the separation is 
maintained until marriage. After marriage the husband has a 
right to annex to his household as many concubines as his means 
allow. If his wife is delicate, she will perhaps suggest some 
friend of hers, who will prove rather an ally than a rival. At 
any rate, there will be no diminution of the friendship between 
the two women. When pregnancy occurs, a second concubine 
may be suggested, and no such addition ever troubles the quiet 
waters of a Japanese household. It isincredible of what amount 
of peace and, consequently, happiness, the absence of the green- 
monster alone may be the cause. 

When she loses a child, the Japanese mother does not wring 
her hands and look up to heaven; she sits with folded hands, 
sunken head, her eyes looking into her lap. Japanese grief has 
been very eloquently described by my colleague in Japan, Pro- 
fessor Wernich, and I think it will be a good winding- up of this 
little article if I quote a passage of his remarkable book, ‘‘ Geo- 
graphico-Medical Studies:” ‘‘ However often I have witnessed 
the death of dear relations, children, for instance, or husbands, I 
never had occasion to observe the wringing of hands, to which 
Kuropean women of the lower classes are so much addicted. A 
bitter sorrow was expressed through deep sinking of the head, 
grasping the hands together, shedding of tears. That strong 
mental agony, which digs into the soul, so to speak, and takes 
hold of it, like a bodily pain, seems to be unknown tothem. They 
never ‘ turn to heaven their faces bathed in tears,’ an action which 
to us seems not only natural and in perfect accord with the 
essence of grief, but is considered as beautiful and as a worthy sub- 
ject of artistic representation. In prayers the Japanese mother does 
not lift her eyes to heaven; with bent head, the body somewhat 
shrunk together, with hands put together by the palms and 
slightly raised to the level of the chin, she sends her humble 
prayer, for quite concrete things, you may be sure, to Buddha.” 


— 


NOTES AND NEWS. 


PROFESSOR MARTIN, on account of his serious and prolonged 
ill health, has tendered his resignation of the professorship of 
biology which he has held in the Johns Hopkins University since 
1876. 


— The third volume of ‘‘Hermetic Philosophy,” by Styx, has 
just been issued from the press of J. B. Lippincott Company of 
Philadelphia, completing the work. It is quite different in form 
from the other two volumes, being a dialogue in imitation of 
Plato on the question, ‘‘ Can virtue and science be taught?” The 
author says in his preface: ‘‘ Having already written two vol- 
umes on the essential teachings of the Hermetic Philosophy, and 
finding that they are not profitable attractions, as we hoped they 
would be, we have concluded to vary the performance.” Whether 
the new volume will prove more attractive than the earlier ones 
or not may perhaps be doubted; but it is more readable, and con- 
tains much less of the peculiar stuff known as occultism than 
they did, though it contains enough for most readers. A large 
part of the book is taken up with ridicule of the ‘‘ Christian sci- 
entists,” which is suggestive of the dispute between the pot and 
the kettle; but a good deal of space is also devoted to setting 
forth the theosophical doctrine of reminiscence and reincarnation, 
or, in other words, the transmigration of souls. The question 
about the nature of virtue and whether virtue can be taught is 
discussed in various aspects; but the light that is shed upon it is 
rather what Milton calls ‘‘ darkness visible.” The production of 
several works of this kind in these times seems to us a singular 
phenomenon, hardly to be accounted for on ordinary principles; 
but it is apparently due to the general break-up of the old creeds, 
which has left a vacuum that men seek to fill with some doctrine 
or other, true, false, or nonsensical, as the case may be. For our 
part, we cannot conceive how any one can write such books, and, 
as we read them, we cannot help thinking that the authors do 
not really believe the doctrines they set forth. 
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EVIDENCE OF TWO PRE-MORAINIC GLACIAL MOVE- 
MENTS. * 


BY G. D. SWEZEY, DOANE COLLEGE, CRETE, NEBRASKA. 


THE valley of Rock River, running southward through southern 
Wisconsin and northern Illinois, is a very deep pre glacial erosion 
gorge, cut through Lower Silurian rocks and filled with assorted, 
incoherent glacial sands and gravels. Artesian wells go down sev- 
eral hundred feet through these gravels before striking rock. The 
region lies to the south of the great terminal moraine. 

Along the bluffs of this valley, at various points, there is ex- 
posed a conglomerate, composed also of glacial gravels; it is a 
pudding stone, thoroughly indurated, so as to make an excellent 
rock for cellar-walls and the like; in some cases it is cemented 
together by a calcareous matrix, in other cases there is a large 
percentage of iron hydroxide in the cementing material. 

Ihave long known some of these outcrops, and have been puzzled 
by them; but have supposed that they were due to local causes 
affecting the gravels which everywhere fill the broad valley; but 
some more careful observations this summer reveal these facts :— 

1. They rise, in every case that I have observed, ten to twenty 
feet above the river bottoms. 

2. They are overlaid in some cases by the boulder-clay, con- 
taining unassorted, striated pebbles. 

3. They occur, so far as I can discover, and I am pretty familiar 
with the region, which was my native county, only on the ex- 
treme edge of the bluffs overlooking the broad river bottoms, or 
on the bluffs of valleys of some width which were tributaries to 
the main valley when its latest bottoms were formed. They ap- 
pear, in other words, to be remnants of older gravels which once 
filled the valley, but were mostly cut away by the floods which 
deposited the later, unconsolidated gravels now filling the valley 
and constituting its flood-plain at a level of ten to twenty feet 
below the top of the conglomerate. In one place the extreme 
face of the bluff, immediately below an outcrop of the conglom- 
erate, was made up of layers of the light-colored, mecoherent 
gravels, alternating with dark, iron-stained material, evidently 
derived from the older conglomerate, which then formed the 
bluffs against which the stream washed. 

This distinction of age is confirmed by the occurrence of the 
ground moraine of the latest glacial movement in this region, 
overlying the consolidated gravels. 

There is no decisive evidence that the interval between these 
movements was one of great duration, but the striking contrast 
in appearance between the loose gravels and the conglomerate 
tends to impress one with the idea that the latter is relatively 
very old. So striking is this appearance, that at one exposure 
which | visited I found the owner of the field laboriously digging 
up an outcropping mass of this conglomerate, somewhat harder 
and redder than usual, under the supposition that it was a mete- 


1 Paper read before the Nebraska Academy of Sciences, Dec. 27, 1892. 
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_orite, which he purposes to take in to Chicago next year for an 
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exhibit. | | 

A further consideration, which would seem to imply a consid- 
erable interval between the two movements, is that the follow- 
ing succession of events would seem called for to explain the 
facts: — | 

1. A glacial movement bringing the material of which the con- 
glomerate is composed, and which includes about the usual pro- 
portion of local and remote ingredients. | 

2. A melting of the ice and floods, surpassing in extent those 
of the later epoch, for the conglomerate, as before stated, lies 
regularly at a higher level than the later gravels. 

3. Another forward movement of the ice to account for the 
ground moraine overlying the conglomerate; and. 

4, Another melting of the ice to deposit the later gravels. 


SOME NOTES ON LIGHTHOUSE APPARATODS. 
BY J. KENWARD, C.E., F.S.A., BIRMINGHAM, ENGLAND. 


In 1851, the United States possessed four sea-lights on the 
dioptric system. In 1891 the number was of sea-lights 138, of 
harbor lights 526, in addition to about 100 of the small apparatus 
called range-lenses and lens-lanterns. 

This magnificent progress in forty years reflects the highest 
credit on the Government and on its nautical and engineering 
officers. Under official auspices in 1851, a most exhaustive en- 
quiry was promoted into the merits of the dioptric or refracting 
system of lights of Augustin Fresnel in comparison with the 
catoptric or reflecting system which it had begun to supersede. 
The result having been ascertained to prove a sevenfold supe- 
riority for the dioptric system, the government authorized the 
lighting of the United States coast-line on an imposing scale, and 
it has ever since taken a watchful and intelligent interest in the 
advancement of lighthouse science, and in the gradual provision 
of the best forms of optical and mechanical apparatus. 

The steps of progress, indeed, in lighthouse design and con- 
struction have been many and important. The first home of this 
industry was in France, where the illustrious mathematician 
and physicist to whose practical genius the lenticular system is 
due, lived his short life, dying in 1827. The celebrated Tour de 
Cordouan, at the mouth of the Garonne, was the first lighthouse 
to receive the new installation of his lenses. The names of 
Leonar Fresnel, brother of Augustin, of Soleil, Letourneau, 
Lepaute, Sautter, Barbier, Degrand, Allard, Reynaud, Bourdelles, 
Bernard, and others follow in brilliant succession in France, as 
engineers, constructors, or contributors to the literature of the 
subject; while in the United Kingdom the great family of the 
Stevensons, Mr. James Chance, Dr. John Hopkinson, Sir James 
Douglass and Mr. Wigham of Dublin, may be cited as equally 
distinguished. | 

Nor have the authorities of the United States, while availing 
themselves fully of the labors and researches of all these experts, 
been backward in adding American names to the list of honor. 
To mention only three, General Alexander, Major George Elliot, 
and Major D. P. Heap are worthy, in their special work, of the 
country of such men of science as Professor Henry and Professor 
Newcomb. 

It is particularly to Major Heap of New York that credit is 
due not only in selecting the most novel and striking forms of 
apparatus produced in Europe, but also in promoting the design 
and construction in the States, of the lanterns, lamps, clockwork, 
pedestals, etc., which are indispensable to it. Major Heap is the 
author, too, of an excellent compilation on lighthouses. 

Let me glance at some of the past achievements and present 
resources of lighthouse science. 

During the past ten or fifteen years the great extension of com- 
merce, the opening of new ports, the multiplication of steam 
vessels of all classes, and the striking acceleration of their speed, 
have affected lighthouses and lightships in the three essential 
points of number, power, and distinctiveness. The chief mara- 
time countries of the world —the United States, Great Britain 
and her colonies and dependencies, France, Holland, Italy, and 
Denmark, have endowed their coasts with an imposing array of 
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lights, and their needs are not nearly satisfied. It was eloquently 
said by the Secretary of State at the International Marine Con- 
ference at Washington in 1889: ‘‘The spoken languages of the 
world will continue to be many, but necessity commands that 
the unspoken language of the sea shall be one.” Thus the signal- 
lighting of the sea-coasts and of the ships traversing the sea is a 
work truly and emphatically international—a work which 
neither in its magnitude nor its variety suggests any notion of 
finality. For instance, the English Admiralty published in 1862 
forty notices to mariners in relation to lights, buoys, dangers, 
etc., in allthe work. In 1892 its similar notices amounted to 
over 600. | 

The considerations of power or intensity and of distinctiveness 
were yaturally on the numerical increase of lighthouses. The 
early illuminating apparatus of Fresnel and his successors were 
mainly confined to two forms, fixed and revolving, the latter 
being approximately from six to eight times as powerful as the 
former, the four-wick vegetable oil flame being the brightest 
illuminant in both. Subsequently composite lights of both fixed 
and revolving sections were adopted, as well as more effective 
flames. Next followed the important enhancement of revolving 
apparatus by the holophotal system of Thomas Stevenson, who 
also introduced the use of condensing prisms and of mirrors for 
fixed lights, and who lastly, after many minor improvements, 
suggested the maximum size of lens yet attained, called the hy per- 
radial —a light particularly suited to great headlands and other 
stations where ranges of visibility of thirty or forty miles are 
necessary. The increase part passu of the potency of lamps — 
thanks chiefly to the unwearied and intelligent labors of Sir 
James Douglass with petroleum, and of Mr. Wigham of Dublin 
with gas — has given due effect to these great developments of 
dimension. The first-order revolving light shortly to be estab- 
lished on Heceta Head, Oregon, the work of Messrs. Chance of 
England, is an example of the holophotal system with twenty six 
prisms of a radius of 920 millimetres. Mosquito Inlet, Florida, 
erected in 1887, is an example of a hyper-radial fixed light of 
1330 millimetres radius, with prisms, on the holophotal system. 
This was constructed by Messrs. Barbier & Co. of Paris. Dondra 
Head and Barberyn, Ceylon, are examples of hyper-radial revolv- 
ing lights without prisms, and with lenses of 80° vertical angle. 
These lights are the work of Messrs. Chance. 

Power or intensity of beam has also been attained by super- 
posing one lens apparatus on another, increasing pro tanto the 
total effectiveness of the light. Mr. Brown of Lewisham, Eng- 
land, was the first (in 1859) to propose this arrangement of lenses, 
and Mr. Wigham of Dublin the first (1872) to carry it out in some 
fine Irish lights constructed by French makers. Messrs. Chance 
have since constructed striking examples of the biform type for 
Bishop Rock and Round Island, Scilly Isles, for the Bull Rock, 
Ireland, and for the Eddystone, English Channel. 

A further method of intensifying lighthouse beams is the elec- 
tric illuminant. Here the United States have not been backward 
in following the example of Great Britain and France, though 
the American use has been more conspicuous in buoys and 
beacons than in sea-lights like the St. Catherines in England, the 
Isle of May in Scotland, or the Cap Grisnez or Ushant in 
France. 

It is, however, beginning to be understood that the electric 
light in its present condition is not, save in a few cases, to be too 
strongly recommended for lighthouse service. Its cost, when ap- 


plied to large apparatus, both for instalment and for mainten- | 


ance is very considerable, and in thick weather its superiority of 
penetration to the rays of gas or oil lamps of the present imposing 
dimensions is a much controverted point. It is, indeed, a mixed 
question, for the lighthouse engineer and the financial secretary, 
to be determined according to the nautical and economical con- 
ditions of each station. Yet it must never be forgotten that the 
true way of estimating the combined effectiveness and expense 
of a light is te divide the units of first cost and annual mainten- 
ance by the units of power or intensity. | 
A more important consideration seems to be that of distinctive- 
ness. The early French plan of making a portion of the appar- 
tus of fixed optical sections and a portion of revolving optical 
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sections has the obvious disability of inequality of range where 
the light is white throughout or red throughout, so that a vessel 
observing the flash at a certain distance can only see the fixed 
beam at a much less distance, and can only know the true char- 
acter of the light after an interval more or less prolonged. When 
color is used for the revolving portion this difference is no doubt 
much diminished, but it is still too great. A light wholly of re- 
volving sections is preferable for all purposes in these days of 
high speed and multiplied traffic. And it is the revolving light 
that affords a much greater number of characteristics than the 
fixed. The group-flashing system in double and triple series by 
optical combinations, first introduced by Dr. John Hopkinson 
and Messrs. Chance in 1875, has been adopted all over the world; 
and the gas group-flashing system of Mr. Wigham, of about the 
same date, has been extensively used in Ireland. Combinations 
of red and white flashing lights, where the former is rendered 
as powerful as the latter by special optical contrivances, have 
been repeatedly employed, especially by Messrs. Chance. 

A very valuable form of distinction largely adopted in modern 
times, is the occulting light, that is, a fixed beam interrupted by 


-ashort darknessinstead of a long darkness interrupted by a short 


flash as in a revolving light. The sharp contrast of dark and 
light is thus substituted for the old fixed light, and this is par- 
ticularly valuable for ports and harbors where shore and ship 
lights are now so much more numerous and powerful than before. 
A very simple form of clockwork, designed by the writer, gives 
movement to the occulting screens for small lights and to the 
vertically dropping screen which is preferable for sea lights where 
the occulting system is accounted powerful enough for a sea- 
light. In occulting lightscare should be taken that the duration 
of darkness should be sufficient to affect the eye sensibly, as, for 
instance, two seconds at least. There is a growing tendency, 
also, to make the flashes of revolving lights too short in duration 
or too quick in recurrence. The difficulty of identifying a light 
and of taking a bearing by it is thus much increased, and the 
wear and tear of the mechanism for rotating the apparatus becomes 
very serious despite the recent expedient of a mercury trough in 
which the framework revolves. 

The most approved optical and mechanical arrangements for 
our lighthouses would be of little avail if the aliment oil or gas, 
which sustains the greater number of them, were of unsuitable 
quality. Asregards gas there need be no other provision than 
that made for the town or harbor supply near the lighthouse, and 
the only need is to use it with adequate pressure in an appro- 
priate burner in single or multiple jets or rings. As regards oil, 
the different vegetable varieties, the chief of which was colza, 
have now nearly fallen into disuse, giving place to petroleum in 
some of its many forms. The luminiferous properties of good 
oil and good gas are almost equal, but the cost of petroleum is 
not more than one-fourth that of vegetable oil, and not greater 
than that of gas, while its extreme pliability and convenience 
make it quite as valuable as gas. The lighthouse world is in- 
debted to an American, Captain Doty, for first showing, twenty 
years ago, how mineral oil could be used in a multiple-wick 
burner, and itis indebted also to America for the largest and best 
supplies of the oilitself. The only drawback has been the un- 
doubted greater risk of fire and explosion, but even this has been 
obviated by the introduction of the variety calied ‘*‘ heavy min- 
eral oil,’”’ which, having a flashing point of 240° to 270°, is almost 
absolutely safe. It is now generally used in Europe. 

The improvement of burners fit for mineral illuminants has 
proceeded, as I have said, wellnigh to perfection in the hands of 
the Trinity House of London and of their late engineer, Sir James: 
Douglass. His six-wick burner is of the power of about 900 
candles consuming about .%, of a gallon per hour; his ten-wick 
burner is of about 2,200 candles, consuming about 1,4, of a gal- 
lon per hour. I believe that no form of the Doty or any other 
oil-burner equals this. The pressure-lamps of Messrs. Chance 
used with such burners seem to secure the maximum of advan- 
tage in the focus of any dioptric sea-light. Very much excellent 
work, however, in the way of improvement of burners, has been 
achieved by Major Heap and by Mr. Funck, his assistant at Tomp- 
kinsville. 
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It is a singular fact that, despite all the improvements of the 
dioptric system and the vital urgency of the matter, theside and 
mast lights of vessels still remain to a large extent in so imper- 
fect a condition. In Paris and Birmingham, the only seats of the 
manufacture of dioptric lights, ship lights with true lenses have 
long been constructed on the same principles of the sea-lights 
which have a radius thirteen times as great. The writer has 
long urged, both publicly and privately, the employment of more 
powerful! lights at sea, and more particularly the equalization of 
the power of these lights by using electricity in incandescent 
lamps of unequal intensity, in the colored side lights, so that 
meeting or passing vessels shall understand the course and char- 
acter of each other at much greater distances than are now sanc- 
tioned by statutory rules. At the International Marine Confer- 
ence in Washington, in 1889, the subject of ship lights wasamply 
discussed with reference to azimuthal ranges and vertical diver- 
gences, and the conclusions formulated are being now interna- 
tionally adopted. But the question of greater intensity of beam 
and of equality of beam does not appear to have been considered 
in relation to the greatly changed conditions of vessels thronging 
the high and narrow seas in these days, and to the ever-increasing 
frequency of accidents by collision at night. I earnestly hope 
that the authorities of the United States will yet again take the 
initiative in effecting this final improvement in ship lights. 

In closing for the present these few remarks on lighthouses it 
is impossible not to give expression to feelings of admiration for 
the liberal and enlightened policy of the United States in main- 
taining the lighthouses of their immense coast-line free of toll to 
all the maritime world. America sets a shining example to 
many an older country in this as in many other ways May her 
maritime prosperity abundantly increase ! 


A JAPANESE SICK WITH SCARLET-FEVER.! 
BY ALBERT 8. ASHMEAD, M.D., NEW YORK CITY. 


I HAVE been introduced to a Japanese gentleman, aged 28, liv- 
ing in Brooklyn, who is undergoing treatment by Dr. Benjamin 
Ayres for scarlet-fever. As this is the first case of scarlet-fever 
I have ever seen in a Japanese, I report it to you. To-day is the 
twenty eighth day of the disease. There has been no temperature 
during the last two weeks. Desquamation has been general for 
three weeks, mostly behind the knees and about the shoulders. 
He has now scaly desquamation on the palms and soles; noticed’ 
first by the patient on the backs of the hands. The throat showed 
very marked symptoms and is even now very distinctly red and 
inflamed. Highest temperature 1034; no albumenaria. 

I content myself with this short sketch, as, I think, Dr. Ayres 
will make a more complete report. | | 

I am the more interested in this case, as it is supposed that the 
Japanese have an immunity from scarlet-fever. I have tried, 
without success, several times to inoculate a Japanese subject 
with the disease, in the hope of producing a protective virus. 
More recently I inoculated two children who had been exposed to 
the contagion of scarlet-fever with the blood-serum from a blister 
on the body of a child who, having had scarlet-fever previously, 
was artificially immune. 

These children, whether protected or not, did not take the dis- 
ease, More recently still, I have inoculated two cases of scarlet- 
fever with pure blood-serum from a blister on the body of an 
adult, who was also artificially immune. The inoculations were 
made in the arms on the third, fourth, and fifth days. In these 
latter cases there was no effect if diminished desquamation is not 
to be considered as one. Both cases ran a mild course. Itis my 
opinion, on which, having so little to go upon, I would not insist 
tco strongly, that blood-serum from an artificially immune sub- 
ject has a virtue, if not curative, at least preventive. Dr. Seward 
of the Willard Parker Hospital promised me to make a further 
investigation in the scarlet-fever ward of his hospital. 

T have given you these facts to show you what reasons I have 
to be particularly interested in the case on which I have sum- 
marily reported. 


1 Communicated to the Tei-I.-K wai. 
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ELECTRICAL NOTES. 


IF a student of molecular physics had been asked a few months 
ago for an explanation of the phenomenon seen when an elec- 
trical discharge is passed through a Geissler tube, he would not 
have hesitated in his reply. He would have shown, from the re- 
searches of J. J. Thomson and others, that the phenomenon, in 
the case of the non-striated discharge, is akin to that of electro- 
lysis, that disassociation was a necessary accompaniment; that, 
in the case of the striated discharge, the electricity was carried 
partly by convection and partly by electrolysis, that this was 
shown by the fact that the conduction did not proceed with the 
velocity of light, that each stria was a place where electrolysis 
was taking place, and each dark band a place where the ciev- 
tricity was carried by convection, that the reason why the dis- 
charge was not produced with mercury vapor is that it cannot be 
disassociated, and that the reason that it takes place so readily 
with other gases is that the converse is the case. 

But the recent work of Herr Hertz and Dr. Lenard has caused 
considerable doubt to be thrown onsome parts of this theory. Not 
that the theory as given above may not be true after all, but it 
must first explain the phenomena discovered by the above-named 
scientists, and at present this seems difficult. 

A short account of them is as follows: If we take a Crookes 
tube, i.e.,a tube in which exhaustion has been carried to such an 
extent that the discharge is no longer visible, except where it 
strikes upon the glass, or some other solid or phosphorescent 
substance, we find that, as the exhaustion progresses, the rays 
issuing from the cathode, and producing incandescence or phos- 
phorescence, instead of passing directly from the cathode to the 
anode, tend to move in a straight line, normal to the cathode. 
This discharge has been supposed, one might almost say proved, 
by Crookes, in a series of most masterly experiments, to consist 
of highly charged atoms of gas, repelled with great violence from 
the cathode. As the exhaustion becomes more and more thor- 
ough, fewer and fewer atoms are left in the tube, and conse- 
quently the trajectories of the atoms become more and more 
nearly straight lines, and, if the tube is bent at an angle between 
the electrodes, the discharge will strike against the glass. 

If this is the real nature of the discharge, it would seem on 
first sight that it should not be able to pass through a metallic 
substance. Yet it has been discovered by Herr Hertz that this is 
not the case, that it passes readily through thin metal plates. 
From these two facts, that the discharge takes place in straight 
lines, and that it passes through thin metal plates, Dr. Lenard 
conceived the idea that it should be possible to produce the dis- 
charge in a Crookes tube and make it pass out into the air, and 
the experiment, when tried, proved successful. 

The apparatus used was as follows: A Crookes tube, whose two 
ends we will call A and B, had the cathode electrode sealed in at 
A. This was of the usual form, and projected some distance into 
The anode consisted of a tube of aluminium, only a 
little smaller than the size of the glass tube containing it, and 
surrounding the cathode. ‘On the discharge taking place it 
would, instead of passing directly from the cathode to the anode, 
as in the case where the gas was not so much rarefied, proceed 
normally from the cathode and out of the open end of the alu- 
minium tube constituting the anode and strike against the glass 
at the other end of the Crookes tube. In these experiments, that 
end was cut off, and a metal plate cemented across the opening. 
In the middle of this metal plate a small hole, 1.7 millimetres, 
was drilled, and this was covered by a sheet of aluminium, .0003 
millimetres thick. Consequently, when the discharge struck 
against the aluminium plate, the latter being permeable to it, it 
passed out into the air. This wasshown by a luminous discharge 
just outside the sheet of aluminium, and by the fact that phos- 
phorescent substances placed there behaved in the same manner 
as when exposed to the cathode discharge in a Crookes tube. If, 
in place of air, other gases were made to surround the aluminium 


_ plate, very different effects were obtained. If the gas was hydro- 


gen, the discharge, after passing through the aluminium window, 
was not scattered so much. If carbonic acid gas, the scattering 
was much greater. Dr. Lenard points out that, as all gases at 
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the same temperature have the same number of molecules to the 
cubic centimetre, this shows that it is not the number but the 
kind of molecules which determines the scattering. But perhaps 
the most important experiments were those in which the dis- 
charge was allowed to pass into another tube which nad been 
exhausted so far as possible. It was argued that if the cathode 
discharge was due to the projection of atoms from the cathode 
that it could not take place in an absolute vacuum. The tube 
into which the discharge was to pass was exhausted as far as 
possible, i.e., until a twenty-centimetre spark would not pass 
from one electrode of the absolute vacuum tube to the other. 
Notwithstanding this extreme exhaustion, the discharge passed 
freely through, as was shown by the phosphorescence of sub- 
stances placed at the other end. 
draws from this experiment is that the cathode rays are really 
processes in the ether, and not due to the movement of atoms. — 
On account of the difficulty of obtaining an absolute vacuum, 
Dr. Lenard’s results cannot be accepted as final. Even at the 
exhaustion obtained by him it may be calculated that there are 
quite a sufficient number of atoms left to produce the phenome- 
non (using the results of J. J. Thomson and Chattock in the calcu- 
lation), even neglecting the number contained in the layer of air 
on the sides of the tube, and which would be driven off into the 
tube so soon as the discharge began to pass. Moreover, it is 
quite possible to conceive that a discharge of atoms from the 
cathode, on reaching a thin metal sheet, and being abruptly 
stopped by it, might propagate an electric disturbance proceeding 
from the other side of the sheet of metal, and so drive off another 
set of charged atoms. If there were any way of obtaining an 
absolute vacuum, of course the question could be answered defi- 
nitely, but this is impossible, and we must wait for further results 
before attempting an explanation. | R. A. F, 


LETTERS TO THE EDITOR. 


«* Correspondents are requested to be as brief as possible. 
ts in all cases required as proof of good faith. 

On request in advance, one hundred copies of the number containing his 
communication will be furnished free to any correspondent. 


The editor wiil be glad to publish any queries consonant with the character 
of the journal. 


The writer's name 


Low Temperatures. 


IN your issue of Jan. 27, page 50, it is stated that the Franklin 
Search Expedition, under Lieutenant Frederick Schwatka, in 
1879-89, experienced a temperature of — 71° C. 

This is an error, as [ have heard Lieutenant Schwatka in many 
conversations refer to it as ‘‘seventy-one degrees below zero, 
Fahrenheit.” 

I enclose a copy of a letter now in a collection belonging to 
my brother :-— | 

TACOMA, WASH., Sept. 15, 1892. 

On the third of January, 1880, my Arctic exploring party en- 
countered a degree of cold of seventy-one below zero, Fahrenheit, 
or one hundred and three degrees below the freezing-point of that 
scale, the coldest we noted on the trip, and the coldest ever en- 
countered by white men travelling in the field, for that day we 
moved our camp some twelve miles. It will be a cold day when 
that record gets left. FREDERICK SCHWATKA. 

FRED. G. PLUMMER. 
Tacoma, Wash., Feb. 11., 1893. 


Where is the Litre? 


IT must be a source of regret to all interested in metrology that 
so much time was expended in the preparation, and so much 
space in the publication of the leading article in Science for March 
17, entitled ‘‘ Where is the Litre?’’ ctc. Even if the instruction 
contained in the article be reinforced by the amusement which it 
furnishes, the result is quite incommensurate with the labor 
‘which must have been involved in its production. 

Ignorance of the recognized principles of metrology has led to 
certain conclusions which will generally be harmless on account 
of the very magnitude of theirerrors. The sermonizing finish to 
the article, beginning with the sentence, ‘‘In spite of the much 
jauded simplicity of metric measures,” etc., may, however, mis- 
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lead a few readers whose ideas have been befogged by the perusal 
of the previous three pages. It will be well to remind them, 
therefore, that the apparent bewildering confusion as to the value 
of the litre has no relation whatever to the ‘simplicity of the 
metric system.” Indeed, the confusion might have been rendered 
vastly greater, the alleged case against the metric system much 
stronger, and the entire article more picturesque, if the author 
had introduced the ‘‘gus” of Arabia, the “pik” of Egypt, and 
the ‘‘sun’”’ of Japan, the value of each of which in metres must 
always be a matter of considerable uncertainty. 

The following simple statements may be of value. It is gen- 
erally agreed among metrologists that natural standards of length 
and mass are not at present easily attainable. Our knowledge of 
physical or astronomical constants must continually increase in 
precision as methods and instruments are improved. Such con- 
stants are, therefore, unsuitable for standards, because standards 
should, first of all, be invariable as far as possible. Artificial 
standards can be made of more convenient dimensions, can be 
multiplied with almost any required degree of precision, and their 
invariability is perhaps as well assured as that of any suggestive 
national standard. 

It was originally proposed to derive the metre from the dimen- 
sions of the earth. We know that the metre is not the one ten- 
millionth of the quadrant of the meridian passing through Paris, 
but that fact does not in the slightest degree lessen the value of 
the metre as a unit of length. Its value is so nearly that, that it 


is exceedingly convenient to use in ordinary calculations relating 


to the earth, not requiring a high degree of precision. 

It was also proposed originally to establish some sort of a simple 
relation between the unit of length and the unit of mass. As 
length and mass have no natural relation to each other, any 
numerical ratio must depend on a physical constant, namely, the 
density of some selected kind of matter. The determination of 
this must be a matter of experiment, and its value can never be 
absolutely known. For this reason any relation between the 
unit of length and the unit of mass must always be an approxi- 
mation. The unit of mass must, therefore, be an artificial, inde- 
pendent unit. . 

The new international prototype of the metre is, in length, an 
exact reproduction of the old metre of the archives, as far as can 
be determined by the most recent and most perfect means of 
comparison. The new international prototype kilogramme is 
identical, in mass, with the old kilogramme of the archives, as 
far as can be determined by the most precise and delicate weigh- 
ings ever made. | 

It was originally intended that the mass of the kilogramme of 
the archives should be that of a cubic decimetre of pure water at 
its maximum density. As this involves the knowledge of a physi- 
cal constant, it was not possible to realize this relation exactly, 
and it never will be possible. 

In determining volumes which do not exceed a certain limit, it 
has been found that greater accuracy can ordinarily be secured 
by the indirect method of determining the mass of a liquid of 
known density, than by direct geometrical processes. The appli- 
cation of the latter requires simple forms whose linear dimensions 
may be easily and accurately measured. The former depends 


only on the accuracy attainable in mass measurement and density 


determination. 

This method of volume measurement has usually been regarded, 
however, as a matter of convenience only. Thus, the U.S. gal- 
lon is defined as a volume of 231 cubic inches; in standardizing 
measures of capacity in gallons, it has always been customary 
to use the indirect mass-density method. The mass of water 
which has been assumed to represent this volume has varied from 
time to time as our knowledge of the physical constants involved 
advanced. 

The litre was originally assumed to be identical in volume 
with the cubic decimetre, and there could be no possible objection 
to confining the term Jitre strictly to thismeaning. But, as noted 
above, it being vastly more convenient to use the mass-density 
method in determining volumes, much of the uncertainty of pre- 
cise volumetric work would be avoided by defining the litre as the 
volume of a kilogramme of water at maximum density. 
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Recognizing the wisdom of this course, the International Com- 
mittee of Weights and Measures, in October, 1880, resolved that 
in its publications and in its official use the term litre should be 
used to express the volume of a kilogramme of pure water at 
maximum density. The one-thousandth part of this, that is to 
say, the volume of a gramme of pure water at maximum density 
is called the millimetre, and the abbreviation ml. is used to stand 
for it. 

The litre and the millilitre, therefore, are not precisely identi- 
cal with the cubic decimetre and the cubic centimetre. The 
difference, however, is very small, and may safely be neglected 
in all ordinary operations. Where a high degree of accuracy is 
required, it will usually be found that the results are primarily 


obtained by the mass-density method, and that no correction is" 


required. 


The International Bureau is engaged in an elaborate investiga- | 


tion of the relations of mass, volume, and density in pure water, 

and, when the results are available, they will doubtless satisfy 

the most exacting demands. T. C, MENDENHALL, 
Washington, D.C., April 14. 


On the Teaching of Biology. 


Ir the article ‘‘On the Emergence of a Sham Biology in 
America,” by Mr. Conway MacMillan, printed in Science for 
April 7th, 1898, had appeared in a special journal, it would not 
be worth while to notice it, but since Science reaches many people 
who are not specialists in any branch of biology, it may not be 
a waste of time to pomt out some of its special merits. 

The author of the article looks over the courses offered in 
biology in some of the leading universities of the country, and, 
finding that botany does not receive adequate treatment, he ap- 
parently becomes fired with the serious purpose of exposing what 
he illogically calls a ‘‘sham ” science, 

The Johns Hopkins University, which has done as much as, if 
not more than, any other single institution in the country, for the 
advancement of biological science in America, during the last 
seventeen years, is stigmatized in a way which will highly amuse 
those who are acquainted with its work. This institution is ac- 
cused of dishonesty in naming its zodlogical courses. ‘‘Injus- 
tice,” ‘* wrecker-light use of the word ‘biology,’” ‘‘ protective 
mimicry in a university curriculum,” ‘‘ perpetrating a confidence 
game upon a board of trustees,” are some of the choice phrases 
which are indulged in. These flattering remarks are not limited 
to the institution; they extend even to its graduates. ‘‘ The 
cool effrontery of this would have surprised me had J not known 
the marvellous, sometimes continuous, sometimes sporadic, 
always insular capabilities of the Johns Hopkins biologist for 
blatant philistinism in regard to things botanical.” 

Of course it is not necessary to take such criticism as this seri- 
ously. The tone of the article is so thoroughly bad, and the 
looseness of statement so completely inconsistent with anything 
bordering on scientific accuracy, that sober criticism is well nigh 
impossible, 

The chief merit of the paper lies in pointing out the great value 
which a good course in general biology, such as that given for 
many years at the Johns Hopkins University, may possess for an 
average student, who will follow it with a fair degree of fidelity. 
Such a student would have learned what Lamarck, Treviranus, 
and Bichat comprehended, and what Huxley and the school of 
biologists who have been inspired by his teaching have striven 
with signal success to inculcate,— that the study of biology is 


not, as this erratic writer supposes, two disciplines, but one dis- | 


cupline, the study of living phenomena, in which the distinction 
between plant and animal, in the widest sense, is one of secondary 
importance. 

A student who had followed this general biological course with 
a fair degree of success would have learned that ‘‘ biological 
science is not to be set over against physical science in the 
broadest sense,” but that in this broadest sense biology is a phy- 
sical science, codrdinate with chemistry and physics. In biology 
there is no natural cleavage into two branches, botany and 
zoology, any more than there is a natural constriction of chem- 
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istry into the studies of minerals and the compounds of carbon, 
because the plane of division in either case would be a purely 
imaginary one. An appreciation of this truth does not conflict 
with the obvious fact that biologists in general find it convenient 
to specialize either in the direction of the study of plants or the 
study of animals. Biology is often primarily divided, for con- 
venience, into study of living structure and study of function. or 
into morphology and physiology, because the study of living 
structure is one subordinate discipline, and the study of function 
is another. For further convenience we may further classify 
these sub-sciences, according to their subject-matter, into vege- 
table morphology and animal morphology on the one hand, and 
into vegetable and animal physiology on the other. | 

Let an stitution that sets about to teach biology do all it can 
to put before its students the principal facts of morphology and 
physiology of both plants and animals, but to pronounce its 
work, if well done, a ‘‘sham,” through its inability to cover the 
whole field, is, to say the least, a very flagrant misuse of lan- 
guage. The title of Mr. MacMillan’s article is misleading, and 
the whole tone of it is characterized by this glaring misuse of 
words. He does not distinguish between a ‘‘sham” science and 
a science too much ‘'restricted” or ‘“ narrowed.” Even if we 
grant the most that is said in regard to the teaching of biology 
at some of the institutions named, all that would be proved would 
be that the science of biology had been too much restricted at 
these places, not that there was any element of ‘‘sham” in it. 
The work which the Johns Hopkins University has done for the 
study of biology in this country proves conclusively that there 
has been no element of ‘‘sham” in its methods. 

I find in the Johns Hopkins University Circulars for March, 
1898, No. 104, eleven courses offered to students in the biological 
One course is an- 
nounced in ‘*Cryptogamic Botany ”; the rest have reference 
almost exclusively to animal physiology and morphology. An 
elementary course in botany has been given at this university 
for years, and lecture courses in vegetable morphology and phy- 
siology of a more technical nature have been offered from time 
to time, showing that the study of plants is far from being ig- 
nored. The biological work of this university, as is well known, 
has been chiefly devoted to the study of animal physiology and 
morphology, and the work that it has undertaken it has done 
eminently well. Nothing could be more unjust than any infer- 
ence that this university has encouraged its students to under- 
value the study of plants. On thecontrary, it has regretted that 
it has had no fully equipped botanical laboratory to offer its stu- 
dents, and it has uniformly advised them to go to institutions 
better equipped in this department for the special study of plants. 

It is not possible for every institution to take the same color 
with reference to the special lines of scientific investigation, but 
this is a different thing from saying that it is not desirable for 
every institution to have a well-balanced curriculum. In most of 
the smaller colleges the man at the head of his department is the 
only teacher in it, and if he is a botanist his work will soon take 
on a botanical tinge; if morphologist or physiologist, his special 
work is sure to come to the front. This explains a good deal of 
the “sham” element that Mr. MacMillan has discovered in 
American biological teaching. 

The stimulus which comes from the association of specialists 
ina large educational centre is undoubtedly very helpful, but as 
soon as students commence to leave the elementary stages of 
their work, and to enter upon special lines of investigation, their 
sympathies immediately diverge with increasing rapidity. Itis 
therefore desirable that this loss of sympathy on the part of one 
specialist for the work of another, should be postponed as long as 
possible. One means of accomplishing this in a large university, 
in the case of biology for instance, is undoubtedly to present the 
whole subject in the fullest manner, especially in the elementary 
courses, 

There is no doubt that every biologist, whatever the special 
line of work to which he devotes himself, should have the same 
training up to the point of specialization, m at least chemistry, 
physics, morphology, and physiology. The attitude of mind which 
Mr. MacMillan displays comes from a lack of this early compre- 
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hensive training, or at least from the lack of profiting by it. If 
while himself a student at the John Hopkins University, he had 
determined to get all there was in the admirable elementary 
courses which are there offered in general biography, zodlogy, 
animal physiology and embryology, instead of interesting himself 
from the first mainly in plants, he would not only have been en- 
abled to take a broader view of his specialty, but would not have 
committed himself to the position in which this article places 
him. 

Mr. MacMillan incidentally remarks that he has ‘‘not at present 
time to discuss the fundamental absurdity of courses in ‘ general 
biology,’ as if it were possible to plunge boldly intocomparative 
study of plants and animals before one has studied plants and 
animals themselves. It is as if oneshould enter upon analytical 
statics and follow it up by geometry and the calculus.” Here 
again Mr. MacMillan demonstrates the urgent need of a good 
course in general biology for botanists as well as for zodlogists. 
Here the analogy drawn is false. Zodlogy and botany do not 
bear a similar relation to biology that geometry and the calculus 
bear to the higher mathematics. The instruments for solving 
problems in botany and zoology are essentially the same, such as 
good observation, sound reasoning, a knowledge of technical 
methods, and of the other physical sciences. 

It is not necessary for the student to examine a large number 
of organisms in order to come face to face with the fundamental 
properties of living things, and this fact proves that Huxley and 
his successors are right in insisting that the study of biology is 
one discipline. To teach the student this, and to lead him to 
discover some of the wider agreements and differences of living 
organisms, is of more intellectual value to him than to conduct 
him at the start to the more special study of either plants or an- 
imals. This is true whether he is to become a specialist in biolo- 
gy or not. 

Some of the chief merits of Mr. MacMillan’s paper have now 
been pointed out. A subordinate merit which it possesses is that 
of calling attention to the defect in many institutions of not in- 
cluding botany in their curriculum, or in not giving it the prom- 
inence which it deserves. If he had limited himself to pointing 
out this defect, without casting slurs upon honored institutions 
and their graduates, in an offensive way, his article might have 
done good. . FRANCIS H. HERRICK, 

Adelbert College, Cleveland, Onio, April 15th, 1893. 


A New Source of the So-Called Mexican Onyx. 


LOVERS of the beautiful, in the way of high-grade material for 
decorative work, will be pleased to learn of the recent discovery, 
on the peninsula of Lower California, of extensive deposits of the 
so-called Mexican onyx. The new find is some 150 miles south- 
east of San Diego, and 50 miles from the Pacific coast. The ma- 
terial, as is the case with that of Mexico proper and other 
sources, is a travertine (i.e., a spring deposit) and not stalagmitic. 
The deposits are essentially superficial, the material in many in- 
stances so occurring as to be taken directly from the surface of 
the ground by means of bars and without previous stripping. 
The colors are light green, rose, and white, variously veined and 
tinted, and of great beauty, while in compactness of texture, 
susceptibility to polish and freedom from flaws, the material 
leaves little to be desired. A company has already been organ- 
ized for working the deposits, and the first shipment has reached 
St. Louis, to be cut and polished for exhibition at Chicago during 
the World’s Columbian Exhibition. GEORGE P. MERRILL. 

Washington, D.C. 


BOOK-REVIEWS. 


The Metaspermee of the Minnesota Valley. <A list of the higher 
seed-producing plants indigenous to the drainage basin of the 
Minnesota River. By Conway MACMILLAN. Minneapolis, 
1892. 839 pp. 2 Maps. 8°. 


BOTANISTS will examine this volume with interest, because of the 
numerous new features it presents, It is the first of the botanical 
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reports of the Geological and Natural History Survey of Minne- | 
sota, and, while entirely local in its character, it is very far be- 
yond the usual local catalogue. It contains a record of 1,174 
species and varieties, distributed among 407 genera and 106 fam- 
ilies. Under each family reference is made to the place of its 
original characterization, the number of genera and species, liv. 
ing or extinct, it contains, and its distribution in a very general 
way. Under each genus we have the synonomy as fully as may 
be, again with a reference to the number of species and their 
more detailed distribution. Finally, under each species and variety 
the synonomy is given, still more detailed distribution, and men- 
tion of herbaria where specimens are to be found. It willthus be 
seen that, while it is a catalogue of plants. it is one in a wider 
sense than the majority of such publications. Its interest and 
value to botanists lie not alone in the various facts above referred 
to, but because it discards the time-honored arrangement of 
orders, such as is found in the ordinary manuals and text-books, 


and introduces the newer and more natural system of classifica- 


tion. It contains, besides, a discussion of the factors upon which 
classification is based. principles of geographical distribution, and 
extraordinary statistical detail respecting the plants named in 
the list. 

We turn first to the classification and nomenclature. We well 
recollect when we first began to study botany, the feeling of sat- 
isfaction that was felt at the seeming stability of the science. 
We had been familiar with the discussions of zodlogists and geol- 
ogists regarding the condition of nomenclature in their respective 
branches, and the botanical manuals gave no sign of changes that 
were to come, or indicated the presence of dangerous ground. 
But ramblings of the coming eruption were soon heard, although 
it was not until the publication of that amazing book of Kuntze’s, 
‘* Revisio genera plantarum,” which has turned everything upside 
down and set the whole botanical world by the ears, that the full 
violence of the eruption was realized. Against many of the sug- 
gestions of this reformer there has been open revolt, but upon 
the whole the effect has been good. It is true it has compelled 
those who learned their botany some years ago to learn much of 
it over again, and has made our latest text-books obsolete or old- 
fashioned, but it has also put the science upon a more stable 
foundation. 

The discussion of generic and specific names has introduced the 
perennially fertile subject, a natural classification of orders. The 
plan of placing Ranunculacese at the bead of Anthophyta and 
Gramines at the foot is so familiar that scarcely any other seems 
possible. It has been recognized, however, that the system 
was very faulty, and numerous endeavors have been made to 
change it. As long ago as 1833 the present writer, in an article 
entitled ‘*‘ On the Position of the Composites and Orchideze in the 
Natural System,’’! pointed out that the old arrangement was far 
from being the best; and he made some suggestions as to what 
families should take the highest rank. He suggested that among 
dicotyledons Composites should be regarded as the highest, inas- 
much as here is found the largest production of seed (the end of all 
plant life) with the least expenditure of material, and, at the same 
time, with ample provision for cross fertilization. The immense 
number of species and their great range were also cited to prove 
their high position. The impossibility of arranging the orders ina 
strictly natural and yet lineal system was recognized, but it was 
suggested that the Labiates were somewhat parallel with the Com- 
posite: in their differentiation; while with that order were agso- 
ciated, as near allies, Verbenaceze, Boraginez, and Scrophularine., 
Among polypetalous orders Leguminose was placed highest, fol- 
lowed closely by Rosaceer, Saxifragaceze, U mbelliferze, and Ranun- 
culacesee. Among monocotyledons the Orchideze were accorded 
the highest rank, mainly because of their large numbers, wide dis- 
tribution, varied form, and elaborate means for cross fertilization. 
At the same time, a general scheme was proposed, which is repro- 
duced here. Init, it will be observed that there are four general 
lines of descent, viz., from Orchidez, Liliaceze, Palme, and 
Graminese. The relative rank of the smaller orders is not that 
which has been followed in the volume under review, but the 


1 American Naturalist, December, 1883. 


Also read in the Minneapolis 
meeting of the A. A. A. 8. 
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Chart of the Monocotyledons. 
Orchilez 
peuianmiasee a — 
i cieosienides Scitaminez” ex ae: 
; .Naladacesz ae eliacesx2 
| Pontederiaces ~~ Liliaceze "~~ _Amaryllidez Hemordoracess 
| Roxbukehtacess spabdcee 
Alismaceze Dioscoreaces idez 
Triuridez —_—___————Juncaces 
Philydracez Rapatiaces 
Flagellariee-———_—____-__~ Palme 
Commelinacez 
Pandanez 
Graminese———— Xyridesw—Mayacez Aroidez 
errr Cyclacanthaces | Ty phaces 
Eriocaules Lemnacee 
Restiaces 
Centrolepodes 


placing of Orchideze at the head of one alliance, and Gramineze 
of another, agrees with the general scheme. Again, among the 
dicotyledons Composites is regarded as the highest and Ranun- 
culacese is placed well down in the scale. The whole arrange- 
ment is that of Engler and Prantl,? but it corresponds so well 
with the provisional outline suggested by the writer of this that 
he has called attention to it. 

Professor MacMillan’s plan in the citation of authorities is in 


2 Natur. Pflanzenfam , 1887-1893. 
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all cases to preserve the original specific name, except when this is 
the same as the genus, when the next oldest name is substituted. 
This is in accordance with the rules adopted by the botanists of 
the American Association for the Advancement of Science. All 
may not agree to this exception, but to the present writer it seems 
the better plan. Another feature, more or less of an innovation 
in botany, is to use lower-case letters instead of capitals in all 
specific names, no matter what the source from which they have 
been derived. This is the plan adopted in some of the other 
sciences, notably in paleontology, and it is being rapidly adopted 
by botanists. 

Inasmuch as the old divisions of the Dicotyledons — Poly petale, 
Gamopetale, and Apetalze — have been discarded, a new series of 
terms is needed, and those adopted in the volume are as fol- 
lows: — 

Division A.— Protophyta. 

Division B, — Metaphyta. 

Plants where sexuality has not been (A) or where it has been 
developed (B). Under B we have:— 

(I.) Gamophyta, which develop sexual plants from their eggs 
without any spore-producing structure intervening, such as pond 
scums, black mold, and alge like Gidogonium ; and 

(ILI.) Sporophyta, in which the fertilized egg is divided into a 
cellular structure capable of growth, and consists of a spore from 
which sexual plants are produced. 

Then comes the division of (1I.) into (1) Thallophyta, (2) Arche- 
goniata, and (8) Metaspermee. In (1) are included the great mass 
of sea-weeds, alge, and fungi. In (2) we have Chara, Nitella, 
coniferous trees, the extinct Lepidcdendron, etc., and in (8) we 
have those forms producing seeds in a closed ovary. Finally 
the Metaspermee are divided into two groups: (a) Archichalydee, 
without a perianth or having one made up of separate leaves, 
about equal to the old groups Apetale and Polypetalee, and (b) 
Metachlamydez, in which the perianth leaves are united, and 
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which equals the old group Gamopetalee. The classification may 
be tabulated as follows :— 

A.— Protophbyta. 

B.— Metaphyta. 

I. Gamophyta. 
II. Sporophyta. 
(1) Thallophyta. 
(2) Archegoniatee. 
(3) Metaspermee. 
a. Chalazagameee (a single genus Casuarina). 
b. Porogames. 
* Monocotyledons. 
** Dicotyledons. 
+ Archichlamydeee. 
t+ Metachlamydesee. 

While following the classification of Engler and Prantl toa 
large extent, Professor MacMillan takes issue with them upon 
some points. One of these is the nature of the Mycetozoa, or, as 
they are more commonly called, Myxomycetes. He believes them 
to be animals rather than plants. It is difficult for the present 
writer to see why the motility of the plasmodium of these plants, 
really the only animal-like feature they possess, should be regarded 
as very different in character from the motility of the swarm- 
spores of such universally recognized plants as Hydrodictyon, 
Gidogonium, Volvox, and others. If motility in conjunction with 
lack of chlorophyll be evidence of the animal nature of the 
Myxomycetes, why should not the stationary Hydra, multiply- 
ing (as it can) when cut into small pieces, and possessing chloro- 
phyll, be considered a plant? Or where are we to place Dionca, 
Drosera, and the like, that present movements analogous to, if 
not precisely the same as, the contractile powers of many animals? 
The hard and fast lines between the animal and the vegetable 
kingdoms have long since been broken down, and there is as 
much justice in placing Myxomycetes with vegetables as in 
placing Protista with animals. The fact of motility, the absence 
of chlorophyll, or both combined, can scarcely be sufficient to 
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overbalance the preponderance of facts showing the distinct veg- 
etable nature of the slime-molds. a 

There is a long and interesting discussion of the relationships 
of the metasperic flora of the region, in which the general features 
of geographical distribution and the factors concerned with it are 
considered. The history of the region is regarded as of prime 
importance, and past time has been a most potent factor in the 
work. As the Metaspermee have existed on the earth since as 
far back as Jurassic times, this history begins then. Glacial 
time, however, was the period most immediately concerned with 
the present distribution. Many plants previous to that epoch 
lived in Minnesota which were driven away never to return, or 
which were entirely exterminated; while, on the other hand, 
many species were found after the close of the period entirely 
unknown before. The Sequoias, once widely spread over the 
continent, but now occupying so restricted a range, he considers 
to be an indication of the great competition existing between 
plants in Tertiary times, their great height and giant bulk show- 
ing the magnitude of the struggle. So, on the other hand, the 
Composite are regarded as representing a type that permitted 
wonderful variation, and hence great adaptability to changed 
conditions. 

The 150 pages devoted to statistics of the flora can only be men- 
tioned here. Even a detailed statement of the heads treated of 
would give but a faint idea of the elaborateness of the discussion. 
A very full index (66 pages) gives easy reference to all species, 
genera, and orders mentioned. Altogether this is the most elab- 
orate catalogue of plants of a limited district it has ever been our 
lot to examine. Its use of modern classification and nomen- 
clature will make it of very great interest and value to all sys- 
tematic botanists, and, while all may not agree with the author 
in his many suggestions or innovations, there are none but will 
recognize the enormous amount of labor put into the volume. It 
is greatly to be desired that other limited floras be as completely 
dissected and discussed. JOSEPH F, JAMES. 

Washington, D.C., March 27. 
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QUERY. 


No. 533 


Can any reader of Sczence cite 
a case of lightning stroke in 
which the dissipation of a small 
conductor (one-sixteenth of an 
inch in diameter, say,) has failed 
to protect between two horizon- 
tal planes passing through its 
upper and lower ends respective: 
ly? Plenty of cases have been 
found which show that when the 
conductor is dissipated the build- 
ing is not injured to the extent 
explained (for many of these see 
volumes of Philosophical Trans- 
actions at the time when light- 
ning was attracting the attention 
of the Royal Society), but not 
an exception is yet known, al- 
though this query has been pub- 
lished far and wide among elec- 
tricians. 


oo ee errr ame pane 


First inserted June 19, 1891. No re- 


sponse to date. 
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